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Background: In the 2003 severe acute respiratory syndrome outbreak, finding viral nucleic acids on hospital surfaces suggested
surfaces could play a role in spread in health care environments. Surface disinfection may interrupt transmission, but few data
exist on the effectiveness of health care germicides against coronaviruses on surfaces.
Methods: The efficacy of health care germicides against 2 surrogate coronaviruses, mouse hepatitis virus (MHV) and transmissible gastroenteritis virus (TGEV), was tested using the quantitative carrier method on stainless steel surfaces. Germicides were o-phenylphenol/
p-tertiary amylphenol) (a phenolic), 70% ethanol, 1:100 sodium hypochlorite, ortho-phthalaldehyde (OPA), instant hand sanitizer (62%
ethanol), and hand sanitizing spray (71% ethanol).
Results: After 1-minute contact time, for TGEV, there was a log10 reduction factor of 3.2 for 70% ethanol, 2.0 for phenolic, 2.3 for
OPA, 0.35 for 1:100 hypochlorite, 4.0 for 62% ethanol, and 3.5 for 71% ethanol. For MHV, log10 reduction factors were 3.9 for 70%
ethanol, 1.3 for phenolic, 1.7 for OPA, 0.62 for 1:100 hypochlorite, 2.7 for 62% ethanol, and 2.0 for 71% ethanol.
Conclusion: Only ethanol reduced infectivity of the 2 coronaviruses by .3-log10 after 1 minute. Germicides must be chosen carefully to ensure they are effective against viruses such as severe acute respiratory syndrome coronavirus.
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Health care-associated infections are responsible for
thousands of deaths worldwide each year.1 Approximately 5% of all nosocomial infections are because
of viral exposure,2 and, in pediatric wards, viruses account for at least 30% of health care-associated infections. Studies have shown viruses to be common in
health care environments and capable of surviving
for extended periods of time on environmental surfaces.3 In these settings, health care workers, medical
devices, and environmental surfaces can act as both a
reservoir for infection and a mode of transmission of
infection to patients and staff.4,5
From the Centers for Disease Control and Prevention, Atlanta, GAa;
Institute of Public Health, Georgia State University, Atlanta, GAb;
Department of Medicine, University of North Carolina Chapel Hill,
Chapel Hill, NCc; and Department of Environmental Sciences and Engineering, Gillings School of Global Public Health, University of North
Carolina Chapel Hill, Chapel Hill, NC.d
Address correspondence to Lisa M. Casanova, PhD, Institute of Public
Health, Georgia State University, P.O. Box 3995, Atlanta, GA 30302.
E-mail: lcasanova@gsu.edu.

Supported by the Centers for Disease Control and Prevention, Atlanta,
GA.
Conflicts of interest: None to report.
0196-6553/$36.00
Copyright ª 2011 by the Association for Professionals in Infection
Control and Epidemiology, Inc. Published by Elsevier Inc. All rights
reserved.
doi:10.1016/j.ajic.2010.08.011

In 2003, the nosocomial transmission of viral disease
proved to be a major contributor to a worldwide outbreak
of severe acute respiratory syndrome (SARS), caused by a
novel human coronavirus (CoV) (SARS-CoV). Outbreaks
of SARS occurred in multiple health care facilities, infecting patients, staff, visitors, and volunteers.6 SARS-CoV
was also found on environmental surfaces in hospitals
where outbreaks occurred,7 and studies demonstrated
that it could survive on surfaces for 24 to 72 hours.8 Airborne transmission was the main route of spread; however, Rabenau et al9 observed that ‘‘there are a number
of instances when transmission occurred through other
means that are often still not well defined,’’ and other
studies of outbreak settings showed that providing handwashing facilities reduced transmission in hospitals,10
suggesting that hands and surfaces could have played a
role in transmission. The outbreak highlighted the need
for effective and quick evaluation of means for controlling the spread of nosocomial infection.11
Disinfection of hospital surfaces is an effective measure for reducing the risk of exposure for health care
workers and patients;12 appropriate disinfection of
contaminated surfaces and equipment is crucial in
interrupting the spread of viruses such as SARSCoV.8,13-15 However, to assist in the selection of appropriate germicidal agents for use against coronaviruses
on hospital surfaces and equipment, data are
needed on the effectiveness of commonly used hospital
germicides against coronaviruses. These data must
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accurately reflect disinfectant efficacy against viruses
under the conditions in which they occur on surfaces,
such as desiccation and embedding in proteinaceous
matrices. Many previous disinfection studies have
used liquid suspension methods for testing germicide
efficacy.16-18 These studies report greater efficacy
against viruses than studies performed with carrier
methods. Viruses may be more resistant on surfaces
than in suspension because they can adsorb to the surface or become embedded in organic material19 and
may be more difficult to inactivate with chemical germicides than viruses suspended in liquid. Thus, it is possible that suspension tests overestimate the level of
antimicrobial activity of germicides against viruses on
surfaces. Carrier-based methods may more closely resemble real environmental conditions in which
viruses contaminate surfaces and provide a more conservative estimate of germicide activity against viruses
that are dried onto environmental surfaces.
This study was undertaken using the carrier method
to evaluate 6 chemical germicides commonly used in
health care settings for their efficacy in reducing infectivity of coronaviruses on environmental surfaces. The
germicides selected were 4 surface germicides and
2 hand sanitizers. Although hand sanitizers are not
used for surface disinfection, the quantitative carrier
test can help determine whether or not the active ingredients are effective against coronaviruses. Germicide
evaluation was done using 2 non-human coronaviruses
as surrogates for the Coronaviridae family and pathogenic human coronavirus such as SARS-CoV. The family
Coronaviridae is divided into 3 groups. Groups I and II include human, mammalian, and avian coronaviruses,
and group III consists of avian coronaviruses. Although
SARS is thought to be related to the group 2 coronaviruses,20 and phylogenetic analyses have indicated it
may be closely related to mouse hepatitis virus
(MHV),21 there is still disagreement about the exact
placement of SARS-CoV within the coronavirus family.22 Based on this uncertainty, 1 representative of
each group of mammalian coronaviruses was included
in the study to determine whether there was any difference in their survival and persistence in water. The
2 viruses included in the study were transmissible
gastroenteritis virus (TGEV), a diarrheal pathogen of
swine and a member of the group I coronaviruses,
and mouse hepatitis virus (MHV), a pathogen of laboratory mice and a member of the group II coronaviruses.20

MATERIALS AND METHODS
Preparation of viral stocks
MHV and TGEV were kindly provided by R. Baric,
University of North Carolina, Chapel Hill. TGEV was
grown in swine testicular cell cultures. MHV was grown

in delayed brain tumor cell cultures. Viral stocks were
propagated by infecting confluent layers of host cell
cultures in flasks, harvesting cell lysates, clarifying by
centrifugation (3,000g, 30 minutes, 48C), and storing resulting supernatants as virus stock at 2808C. Viral titers
were determined by the plaque assay method on confluent host cell layers in 60-mm Petri dishes with
overlay medium consisting of 1% agarose, Eagle’s
minimum essential medium, 10% bovine serum replacement (Fetal Clone II; Hyclone, Logan, UT), 10%
lactalbumin hydrolysate, and gentamicin (0.1 mg/mL)/
kanamycin (0.05 mg/mL). Cell layers were stained
with a second overlay containing 1% neutral red at
48 hours postinfection, and plaques were visualized
at 72 hours postinfection.

Preparation of hard water
Hard water was prepared according to the USEPA
OPP microbiology laboratory standard operating procedure for disinfectant sample preparation23 from 2
stock solutions: solution A (14.01 g of NaHCO3, 250
mL of sterile deionized water) and solution B (16.94 g
MgCL2-6H2O, 18.50 g CaCl2, 250 mL sterile deionized
water). Solution A was filter sterilized using 0.22-mm
pore size filters; solution B was autoclaved at 1218C
for 30 minutes.
For hard water preparation 12 mL of solution A and
12 mL of solution B were added to a volumetric flask
and brought up to 1 L with sterile deionized water.
This solution was diluted with 2 additional liters of sterile deionized water. Final solution was adjusted to pH
7.6 to 8.0 by drop wise addition of sodium hydroxide
or citric acid. A hardness testing kit (Hach Model 5-EP
mg/L No. 1454-01; Hach Corp, Loveland, CO) was
used to confirm that hardness of the prepared water
was 380 to 400 mg/L CaCO3.

Germicides
Six hospital-grade germicides were tested. The germicide types, active ingredients, and use-dilutions are
summarized in Table 1. Germicides requiring dilution
were prepared on the day of the experiment, using
hard water as the diluent. All germicides were used
by the manufacturer’s expiration date.

Neutralizing solutions
Neutralizing solutions were used to inactivate germicide activity after the experimental contact time. Vesphene IIse (Steris Corp, Mentor, OH), 70% ethanol,
Clorox Anywhere spray (Clorox Co, Oakland, CA), and
Purell Sanitizing Hand Gel (Johnson & Johnson Inc,
New Brunswick, NJ) were neutralized using 3% glycine.
Chlorine bleach was neutralized with 0.1% thiosulfate and Cidex-OPA (Johnson & Johnson Inc, New
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Table 1. Germicides tested
Germicide
Steris Vesphene IIse Non-sterile disinfectant cleaner
Chlorine bleach
Cidex OPA
70% Ethanol
Purell hand sanitizer
Clorox Anywhere hand sanitizing spray

Type

Active ingredient

Use-dilution

Phenol
Halogen
Aldehyde
Alcohol
Alcohol
Alcohol

9.09% O-phenylphenol, 7.66% P-tertiary amylphenol
6% Sodium hypochlorite
0.55% Ortho-phthalaldehyde
70% Ethanol
62% Ethanol
71% Ethanol

1:128
1:100 (;600 mg/L)
Undiluted
Undiluted
Undiluted
Undiluted

Brunswick, NJ) with 0.5% sodium bisulfite. To prevent
cytotoxicity in cell culture assays, each neutralizing solution, with the exception of 3% glycine, was prepared
as a stock solution and diluted to the use concentration
with cell culture medium. Glycine was prepared by
adding 2.5 mL cell culture medium to 47.5 mL of a
3% glycine solution. Sodium thiosulfate was prepared
as a 10% (wt/vol) stock solution and diluted with cell
culture medium to a use concentration of 0.1%. Sodium bisulfite was prepared as a 5% stock solution
and diluted in cell culture medium to a use concentration of 0.5%.

Disc-based quantitative carrier test method for
virus disinfection
Test surfaces were 1-cm2 stainless steel carriers with
a No. 4 polish. The quantitative carrier test method
used was adapted from Sattar et al.19 Each germicide
experiment used 3 control carriers (no germicide applied) and 3 test carriers (germicide applied). Each experiment was performed in duplicate. Each carrier
was placed in a 24-well plate, and 20 mL of virus suspension was applied. The virus was allowed to dry
for 2 hours. After drying, 50 mL of use-dilution germicide was placed on the dried virus suspension on
3 test carriers, and 50 mL of cell culture medium was
placed on 3 control carriers. After 1-minute contact
time, 950 mL of neutralizing solution was added to
the 3 test carriers to halt virucidal activity, and
950 mL of cell culture medium was added to the control
carriers. To elute viruses from carriers, 150 mL of 15%
beef extract (pH 7.5) was then added to all 6 carriers.
Carriers were agitated on a shaking platform (60 rpm)
for 20 minutes. The liquid from each well was then recovered, diluted, and assayed for virus infectivity as
previously described. To determine the reduction in
virus infectivity, the concentration of virus per 20-mL
sample volume was calculated. Reduction in viral titer
was calculated using difference in virus concentration
between test carriers and control carriers. Log10 reductions were calculated for each germicide based on 6 independent exposure trials.

Statistical analysis
Statistical analysis was performed using SAS 9.1
(2008; SAS Institute Inc, Cary, NC). A 1-way analysis
of variance (ANOVA) was used to compare the log10 reduction among germicides. Additionally, a 2-way
ANOVA was performed to compare the efficacy of all
surface germicides between the 2 virus types.

RESULTS
Reductions of MHV and TGEV infectivity on surfaces
by hospital germicides are shown in Table 2. For MHV,
only 70% ethanol and Purell Hand Gel (62% ethanol)
produced a log10 infectious virus titer reduction factor
.2.5 after 1-minute contact time. Hypochlorite (1:100
use dilution) was least effective, producing a log10 reduction factor ,1. Hypochlorite, Vesphene IIse, CidexOPA, and Clorox Anywhere spray each produced a
log10 reduction factor of ,2.5, with log10 reduction factors of 0.62, 1.33, 1.71, and 1.98, respectively. Statistical
analysis using 1-way ANOVA showed that the mean
log10 reduction factors for the 6 germicides differed significantly (P , .0001).
For TGEV, infectivity reduction factors of .3-log10
were observed for 70% ethanol (3.19), Purell Hand
Gel (4.04), and Clorox Anywhere spray (3.57). Vesphene and Cidex against TGEV produced intermediate
log10 infectivity reduction factors of 2.03 and 2.27, respectively. As seen with MHV, hypochlorite exposure
resulted in an infectious TGEV titer log10 reduction factor ,1 (0.35). Statistical analysis using 1-way ANOVA
showed that the mean log10 reduction factors were significantly different (P , .0001) among the 6 germicides.
Analysis of the mean log10 reductions of MHV and
TGEV by germicides was done using the Tukey multiple
comparison test to determine whether reductions by
individual germicides significantly differed from one
another (P , .05) (Table 3). In addition, 2-way ANOVA
was used to compare 2 independent variables, germicide and virus type, and their influence on the log10
virus reduction factor. This analysis aids in determining
how much of the variability in reduction is explained
by each of these 2 variables, as well as potential
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Table 2. Disinfection efficacy against MHV and TGEV on
carrier surfaces
Log10 infectivity reduction
(95% CI)
Germicide
Chlorine bleach
Vesphene IIse
Cidex-OPA
70% Ethanol
Purell hand sanitizer
Clorox Anywhere hand
sanitizing spray

MHV

TGEV

0.62 (0.52-0.72)
1.33 (1.16-1.51)
1.71 (1.35-20.7)
3.92 (3.32-4.53)
2.66 (1.77-3.56)
1.98 (1.68-2.27)

0.35 (0.24-0.45)
2.03 (0.89-3.17)
2.27 (2.09-2.45)
3.19 (2.97-3.40)
4.04 (3.57-4.51)
3.51 (3.29-3.73)

CI, confidence interval.

interaction between them. Using 2-way ANOVA, infectivity reduction results are statistically significant (P ,
.0001). A type III sum of squares test was used to examine
variation among mean reduction results. Germicide had
a greater influence on log10 viral reduction (P , .0001)
than did the virus type (TGEV vs MHV) (P 5 .0008). Additionally, when interaction between germicide and virus type was evaluated using the ANOVA test, it was
determined that there is a statistically significant interaction between virus type and germicide type
(P 5 .0001).

DISCUSSION
Health care-associated transmission can play an important role in the spread of coronavirus infection, and
coronavirus nucleic acids have been found on hospital
surfaces in outbreak settings.7 Data from surrogate coronaviruses suggest that these viruses can survive for
long periods on hard surfaces, potentially posing a continued risk of infection if health care surfaces are not
adequately disinfected. The efficacy of 6 hospital surface germicides was tested against 2 coronaviruses,
MHV and TGEV, used as surrogates for SARS-CoV. These
findings expand the available data on disinfection beyond what has been previously studied using other surrogates such as human coronavirus 229E. Although
229E shares some tissue tropism with SARS, there are
important differences. Studies of SARS patients and
outbreaks demonstrated that SARS-CoV is also a fecally
shed virus, with intestinal tissue tropism; 229E lacks
this. This may indicate important differences in resistance to environmental stressors because fecally shed
viruses must be able to survive the conditions in the
gastrointestinal tract, including extremes of pH, abundance of other microbes, and bile salts. This gastrointestinal tropism has played an important role in at
least 1 major outbreak; this suggests that surrogates
such as MHV (a virus with multiple tropisms) and
TGEV (an enteric virus) that reflect this diversity in tissue tropism are necessary.

Table 3. Statistical comparison of disinfectant efficacy for
TGEV and MHV
Significant (P , .05)
Comparison
Bleach vs Vesphene
Bleach vs Cidex
Bleach vs 70% ethanol
Bleach vs Purell
Bleach vs Clorox spray
Vesphene vs Cidex
Vesphene vs 70% ethanol
Vesphene vs Purell
Vesphene vs Clorox spray
Cidex vs 70% ethanol
Cidex vs Purell
Cidex vs Clorox spray
70% Ethanol vs Purell
70% Ethanol vs Clorox spray
Purell vs Clorox spray

MHV

TGEV

No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
No
No

A log10 viral reduction factor of .3 has been previously suggested as a benchmark for effective virucidal
activity against coronaviruses and other viruses on surfaces.3,15,17,24 The results of this study show that, of the
commonly used hospital germicides tested, only the
ethanol-based germicides were able to achieve this
level of reduction of infectious virus after 1 minute of
contact time. For MHV, the 3 ethanol-based germicides
(71%, 70%, and 62% ethanol) gave the greatest reduction in infectivity, with log10 reduction factors ranging
from 1.5 to 4.9. This was greater than the reductions
observed with hypochlorite, phenolic, and orthophthalaldehyde based germicides. These same performance
trends are evident in tests of these germicides against
TGEV. The ethanol-based germicides gave log10 infectivity reduction factors ranging from 2.9 to 4.6, greater
than those observed for hypochlorite, phenolic, and orthophthalaldehyde germicides. The phenolic and orthophthalaldehyde germicides had greater virucidal
activity against TGEV than against MHV. However,
only the reductions in infectivity by orthophthalaldehyde were significantly different between MHV and
TGEV. Statistical analysis indicates that mean log10 viral
reductions differed significantly based on both the type
of germicide and the type of virus tested and that there
are interaction effects between germicide and virus
type. Hence, both the selection of germicide and the
type of virus will influence the resultant magnitude
of reduction of virus infectivity titer.
Several previous studies have determined that surface disinfection is an important method for preventing
viral transmission from surfaces to humans.17 The risk
of acquiring infection decreases proportionately to the
amount of viral agent present on surfaces.3 This study
shows that ethanol-based germicides achieve the
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greatest reduction in viral titer on surfaces. These findings are consistent with previous studies of coronavirus
disinfection, but this study provides more precise estimates of inactivation on surfaces than have been previously observed with other human coronaviruses, such
as 229E.
Some previous studies of chemical disinfection of
229E have been limited by cytotoxicity problems that
limited the ability to measure infectious virus reduction.25 Sattar et al26 found that 70% ethanol reduced
human coronavirus 229E dried onto a stainless steel
surface by .99.9%. This study shows that the actual
reduction is slightly greater than 3-log10 (3.9 for TGEV
and 3.19 for MHV). The available data on disinfection
of SARS-CoV itself are not extensive, partly because of
the challenges of working with SARS. Much of the available data focuses on alcohols. Seventy percent ethanol
was found in 1 study to inactivate SARS by .3 log10.27
Rabenau et al9 reported a log10 reduction factor of .5
after 30-second contact time using 78% ethanol and
70% propoanol, a reduction that was actually greater
than what they observed with other germicides classified as chemical steriliants. These results support the
findings of this study that ethanol-based disinfectants
are efficacious against coronaviruses. However, flammability limits the use of ethanol for spills or contamination events involving large surface areas.
Other studies show that disinfectant efficacy can
vary by virus type, with nonenveloped viruses such
as adenovirus differing from enveloped viruses such
as the coronaviruses. Studies of hospital germicide efficacy against adenovirus 8 using the same carrier-based
method with 1-minute contact times found greater
log10 reduction factors by OPA (4.37) than were observed in this study for TGEV (2.27) and MHV (1.71).
In contrast, Vesphene IIse reduced adenovirus 8 by a
log10 reduction factor of only 0.41, compared with
1.33 for MHV and 2.03 for TGEV in this study. Reduction
of adenovirus 8 by 70% ethanol was similar to that observed for coronavirus in this study, but 0.12% hypochlorite reduced adenovirus 8 approximately 4-log10
greater than reductions observed for coronaviruses
with 0.06% hypochlorite.5 This suggests that disinfection efficacy may differ greatly by virus type and that
nonenveloped viruses may not be appropriate surrogates for predicting the effects of disinfectants on enveloped viruses such as coronavirus and influenza.
Hypochlorite demonstrated a log10 reduction factor
,1 after 1 minute for both TGEV and MHV when applied
at the 1:100 (0.06%) use-dilution prescribed by the manufacturer. Previous studies of coronavirus disinfection
have found higher reductions with concentrations of
hypochlorite greater than the recommended usedilution, suggesting these results are consistent with a
concentration-dependent effect. Sattar et al26 reported
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99.9% reduction of viral titer for human coronavirus
229E when 0.10% and 0.50% sodium hypochlorite solutions were tested with 1-minute contact times. Commercial marketers of sodium hypochlorite recommend
contact time of 5 minutes. In actual use, it is likely that
contact times are shorter than this, and increases in concentration may be necessary to offset the use of shorter
contact times. The results of this study suggest that the
1:100 use-dilution should not be recommended for use
on surfaces with suspected contamination by
coronaviruses. Hypochlorite is an important environmental surface disinfectant in health care; without the
flammability and rapid evaporation of ethanol, it is
suitable for large surface area spills. Increases in both sodium hypochlorite concentration and contact time
should be evaluated to determine whether these factors
would improve virucidal activity of hypochlorite on
hard surfaces to achieve a .3-log10 reduction performance target.
Organic matter may play an important role in the
poor performance of hypochlorite on surfaces observed in this study. A concentration of 600 mg/L on
a surface produced a log10 reduction factor ,1 of
MHV and TGEV in this study. The poor performance
of hypochlorite against viruses dried into surfaces
may be due to the high oxidant demand exerted by
the proteinaceous cell culture medium matrix in which
the viruses were suspended. This results in consumption of available hypochlorite by the proteins and other
organic compounds (eg, amino acids) present in the
matrix, rendering it unavailable for disinfection. Use
of viruses suspended in a proteinaceous matrix simulates the real world conditions under which viruses
shed by human hosts occur in health care environments. Viruses are not shed by an infected host as single purified particles; they occur as aggregates,
surrounded by membranes and embedded in feces,
mucus, and other proteinaceous matrices. Together,
these results suggest that changing the recommended
use-dilution of hypochlorite may address the problem
of oxidant demand exerted by proteinaceous material
such as body fluids and result in effective inactivation
of coronaviruses shed from human hosts.
Hypochlorite, phenolic, and OPA disinfectants tested
reduced infectious viral titer by ,3 log10 after 1-minute
contact time. OPA is used as a high-level disinfectant
for semicritical equipment such as endoscopes;28
viruses can be deposited on the surfaces of semicritical
equipment items during patient care. These results suggest that sufficient contact time is crucial to ensure that
inactivation of viruses on the surfaces of semicritical
equipment items takes place. According to the manufacturer, the phenolic disinfectant tested demonstrated
a 3- to 4-log10 reduction in viral titer after 10 minutes
contact time when tested against another surrogate
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coronavirus, avian infectious bronchitis virus. The results from this study, using 1-minute contact time, suggest that virucidal efficacy is greatly compromised if
germicides are not used according to label directions
and contact time is shorter than manufacturer recommended contact times.
Enveloped viruses of great nosocomial importance
and pandemic potential, such as SARS CoV and avian
influenza, are extremely challenging to work with in
the laboratory. In the event of re-emergence of SARSCoV, and in the context of pandemic influenza control,
data are needed to guide decisions on appropriate disinfection of health care surfaces for control of viral
transmission. TGEV and MHV are nonpathogenic to humans and easily propagated and assayed in cell culture
by plaque and quantal MPN assays.29,30 This study
shows that these types of surrogate viruses can help expand our knowledge of practical aspects of virus control, such as inactivation by disinfectants, for viruses
of public health importance.
It also increases the available data both for disinfectants that have previously been studied with SARS CoV and disinfectants that have not. Previous studies using
SARS have evaluated benzalkonium chloride and magnesium monoperphthalate-based products,16 povidone
iodine,27 formalin, and glutaraldehyde.31 This current
study included sodium hypochlorite and a phenolic,
which have not been evaluated in previous studies.
Previous investigators have tested several types and
concentrations of alcohols, including isopropanol, propanol, and ethanol, for which varying results have been
observed in studies of SARS. The data from this study
can add to existing knowledge to help clarify how effective alcohols are against coronaviruses on surfaces.
Four of the 6 germicides tested showed greater reductions of TGEV compared with MHV. This suggests that
MHV is potentially a more conservative surrogate for
evaluating disinfectant efficacy against SARS-CoV.
These studies should be replicated using SARS-CoV to
determine which surrogate virus is a more suitable
model for the response of SARS to these germicides.
There is still an important role to be played by surrogate
viruses, especially for the evaluation of new disinfectants or the re-evaluation of use of current disinfectants
(such as changes in dose and contact time); the available
data suggest that both TGEV and MHV may serve as conservative surrogates for modeling control of SARS-CoV
by health care germicides in worst case scenarios.

2.
3.
4.
5.

6.
7.

8.

9.

10.

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.
21.
22.
23.

References
1. Saif L, Denison M, Guan Y. Microbiology, ecology and natural history of coronaviruses. In: Knobler AM, Lemon S, Mack A, Sivitz L,
Oberholtzer K, editors. Learning from SARS: Preparing for the next

24.
25.

disease outbreak. Washington, DC: Institute of Medicine of the National Academies; 2004.
Aitken C, Jeffries D. Nosocomial spread of viral disease. Clin Microbiol Rev 2001;14:528.
Sattar S. Microbicides and the environmental control of nosocomial
viral infections. J Hosp Infect 2004;56:64-9.
Cozad A, Jones R. Disinfection and prevention of infectious disease.
Am J Infect Control 2003;31:243-54.
Rutala W, Peacock J, Gergen M, Sobsey M, Weber D. Efficacy of hospital germicides against adenovirus 8, a common cause of epidemic
keratoconjunctivitis in health care facilities. Antimicrob Agents Chemother 2006;50:1419.
Lee N, Sung J. Nosocomial transmission of SARS. Curr Infect Dis Rep
2003;5:473-6.
Dowell S, Simmerman J, Erdman D, Julian Wu J, Chaovavanich A, Javadi M,
et al. Severe acute respiratory syndrome coronavirus on hospital surfaces.
Clin Infect Dis 2004;39:652-7.
Hota B, Weinstein R. Contamination, disinfection, and crosscolonization: are hospital surfaces reservoirs for nosocomial infection? Clin Infect Dis 2004;39:1182-9.
Rabenau H, Cinatl J, Morgenstern B, Bauer G, Preiser W, Doerr H.
Stability and inactivation of SARS coronavirus. Med Microbiol Immunol
2005;194:1-6.
Yu I, Xie Z, Tsoi K, Chiu Y, Lok S, Tang X, et al. Why did outbreaks of
severe acute respiratory syndrome occur in some hospital wards but
not in others? Clin Infect Dis 2007;44:1017-25.
Berger A, Drosten C, Doerr H, St€urmer M, Preiser W. Severe acute
respiratory syndrome (SARS): paradigm of an emerging viral infection.
J Clin Virol 2004;29:13-22.
Dettenkofer M, Spencer R. Importance of environmental decontamination: a critical view. J Hosp Infect 2007;65:55-7.
Ansari S, Springthorpe V, Sattar S, Rivard S, Rahman M. Potential
role of hands in the spread of respiratory viral infections: studies
with human parainfluenza virus 3 and rhinovirus 14. J Clin Microbiol
1991;29:2115.
Sattar S. Hierarchy of susceptibility of viruses to environmental surface
disinfectants: a predictor of activity against new and emerging viral
pathogens. J AOAC Int 2007;90:1655-8.
Sehulster L, Chinn R, Arduino M, Carpenter J, Donlan R, Ashford D,
et al. Guidelines for environmental infection control in health-care
facilities. MMWR Recomm Rep 2003;52(RR10):1-42.
Rabenau H, Kampf G, Cinatl J, Doerr H. Efficacy of various disinfectants against SARS coronavirus. J Hosp Infect 2005;61:107-11.
Rutala W, Barbee S, Aguiar N, Sobsey M, Weber D. Antimicrobial activity of home disinfectants and natural products against potential human pathogens. Infect Control Hosp Epidemiol 2000;21:33-8.
Wang X, Li J, Jin M, Zhen B, Kong Q, Song N, et al. Study on the resistance of severe acute respiratory syndrome-associated coronavirus.
J Virol Methods 2005;126:171-7.
Sattar S, Springthorpe V, Adegbunrin O, Zafer A, Busa M. A disc-based
quantitative carrier test method to assess the virucidal activity of
chemical germicides. J Virol Methods 2003;112:3-12.
Jackwood M. The relationship of severe acute respiratory syndrome coronavirus with avian and other coronaviruses. Avian Diseases 2006;50:315-20.
Li P, Goldman N. Phylogenomics and bioinformatics of SARS-CoV.
Trends Microbiol 2004;12:106-11.
Gorbalenya A, Snijder E, Spaan W. Severe acute respiratory syndrome
coronavirus phylogeny: toward consensus. J Virol 2004;78:7863.
USEPA. OPP microbiology laboratory standard operating procedure
for disinfectant sample preparation. Cincinnati (OH): USEPA; 2008.
Abad F, Pint
o R, Bosch A. Disinfection of human enteric viruses on
fomites. FEMS Microbiol Lett 1997;156:107-11.
Sizun J, Yu M, Talbot P. Survival of human coronaviruses 229E and
OC43 in suspension and after drying onsurfaces: a possible source
of hospital-acquired infections. J Hosp Infect 2000;46:55-60.

www.ajicjournal.org
Vol. 39 No. 5
26. Sattar S, Springthorpe V, Karim Y, Loro P. Chemical disinfection
of non-porous inanimate surfaces experimentally contaminated
with four human pathogenic viruses. Epidemiol Infect 1989;102:
493-505.
27. Kariwa H, Fujii N, Takashima I. Inactivation of SARS coronavirus by
means of povidone-iodine, physical conditions and chemical reagents.
Dermatology 2007;212:119-23.
28. Rutala W. APIC guideline for selection and use of disinfectants. Am J
Infect Control 1996;24:313-42.

Hulkower et al.

407

29. Hirano N, Fujiwara K, Hino S, Matumoto M. Replication and plaque
formation of mouse hepatitis virus (MHV-2) in mouse cell line DBT
culture. Arch Virol 1974;44:298-302.
30. McClurkin A, Norman J. Studies on transmissible gastroenteritis of swine: II.
Selected characteristics of a cytopathogenic virus common to five isolates
from transmissible gastroenteritis. Can J Comp Med Vet Sci 1966;30:190.
31. Darnell M, Subbarao K, Feinstone S, Taylor D. Inactivation of the coronavirus that induces severe acute respiratory syndrome, SARS-CoV.
J Virol Methods 2004;121:85-91.

